Data envelopment analysis (DEA) has been applied in many studies in the banking industry but deficiency of empirical studies in Iranian banking sector that incorporate time factor into the efficiency, have still remained. Previous studies measured the efficiency of bank branches in a single period within cross-sectional data. They did not considered effect of interconnecting activities (links) between two consecutive terms. The main contribution of this paper is to evaluate the efficiency of an Iranian bank using dynamic SBM model in DEA during three consecutive terms considering net profit as a good link and loan losses as a bad link. In order to realize most important variables (inputs-outputs), relative to our case, we made a checklist and distributed them among headmen of branches and arranged an interview with the CEO of bank. Dynamic SBM efficiency is compared with its static efficiency to check the validity of described model. In addition, input-bad link excesses and output-good link shortfalls (slacks) are analyzed and further suggestions to the management are provided.
Measuring the efficiency of bank branches, using new mathematical DEA techniques, have received a great deal of attention in recent years, Emrouznejad et al. (2008) evaluated the researches in efficiency and productivity and provided a comprehensive bibliography of the first 30 years of scholarly literature in DEA. In traditional DEA models, efficiency is measured in single period using cross-sectional data. Such measuring could not be a comprehensive approach for performance evaluation in long-term point of view. As a result, overall efficiency evaluation of firms over time is not provided. Recently, many DEA researchers analyzed the dynamic structure of production in models where actions taken in one period can affect the efficiency of firms in future periods. Bogetoft et al.(2008) , Chen (2009) , Fare and Grosskopf (1996) , Kao (2008) , Nemoto and Goto (1999) , Sueyoshi and Sekitani (2005) , Park and Park (2009) and Chang et al.(2009) contributed in this field. Classical DEA models do not account for the effect of carry-over activities (links) between two consecutive terms. For each term, these models have inputs and outputs, but the connecting activities between terms are neglected (Tone and Tsutsui, 2010) . The dynamic DEA model proposed by Fare and Grosskopf (1996) was the first action for dealing with these interconnecting activities. Then Tone and Tsutsui (2010) developed Fare and Grosskopf model into a slacks-based measure (SBM) framework. This paper describes a particular methodology called dynamic SBM model in DEA and evaluates the efficiency of an Iranian bank during three consecutive terms. Each branch in each term expends money on labor salaries and operating expense as inputs to produce loans as output. In each term some loans become non-performing, because of unable borrowers to make full or even partial payment. We call nonperforming loans (loan losses) as undesirable or bad link that carried to the next term and affect the efficiency of future terms. Contrary to loan losses, net profit is considered as desirable or good link. According to Fukuyama and Weber (2010) , we treat loan losses and net profit as bad and good links instead of as input and output, because banks cannot incur loan losses or make profit until inputs are used to begin making loans. Using dynamic model in this paper, we can implement the long term performance evaluation, in addition, incorporating non-oriented SBM model enables us to identify inefficiencies in both inputs and outputs concurrently. The remainder of this paper is organized as follows: In section 2 we describe a literature review of DEA, SBM DEA and dynamic DEA. Methodology, objective functions and efficiency of dynamic SBM model are presented in section 3. We demonstrate an empirical use of the dynamic SBM model into a case study (an Iranian bank) and solve both dynamic and static models in section 4. Conclusion will be in the last section.
Literature review
Data envelopment analysis (DEA) is a non-parametric linear programming technique that measures the relative efficiency of a group of decision making units (DMUs) which receive multiple inputs to produce multiple outputs and has been applied by various research communities across a wide range of industries. DEA, first proposed by Charnes, Cooper and Rhodes in 1978, based on earlier work initiated by Farrell (1957) , and developed by Banker in 1984, is a new mathematic technique developed in operations research and management science over the last three decades for measuring productive efficiency. DEA evaluates the efficiency of relative DMUs in comparison with each other. The most basic models of DEA are CCR, BCC, Additive and SBM. CCR and BCC models are radial and aim to minimize inputs while keeping outputs at least the given output levels, we call it input-oriented model or attempt to maximize outputs without requiring more of any of the observed input values, called output-oriented. The combination of both orientations in a single model is called additive model. Additive models treat the slacks (the input excesses and output shortfalls) directly in objective function, but it doesn't have the ability to measure the depth of inefficiency by a scalar similar to θ * in CCR-type models. The slacks-based measure of efficiency proposed by Tone (2001) made up this deficiency. Additive and SBM models are non-radial and can deal with inputs and outputs individually (Cooper, Seiford and Tone, 2000) . In comparison with techniques of evaluating organizational efficiency, DEA proposed by Charnes et al. is a better way to organize and analyze data since it allows efficiency to change over time and requires no prior assumption on the specification of the efficient frontier. Thus, DEA is an excellent approach for the efficiency analysis in banking industry in literature. Aly, et al. (1990) He used non-oriented, non-radial SBM modeling in order to enhance the relevance of efficiency studies to the world of business. Fukuyama and Weber (2010) introduced a slacksbased measure for a two-stage system with bad outputs and applied the model to Japanese banks. Their two-stage network SBM model allowed for inputs and outputs to be scaled in non-radial directions to a frontier technology and accounts for any input excesses or output shortfalls. Although great flexibility and extendibility exist, most of DEA studies have dealt primary with cross sectional data and measured relative efficiencies in a single period (Park and Park, 2009 ). Exceptions are Malmquist-type indexes of productivity (Fare and Grosskopf, 1996). Sengupta (1995) presented a dynamic DEA model by introducing the shadow values of quasi-fixed inputs and their optimal paths into an analytic linear programming problem. Fare and Grosskopf (1996) formulated several kinds of intertemporal substitution among inputs, outputs and intermediate outputs using a network theory by which more realistic production processes across periods can be described (Nemoto and Goto, 1999) . Nemoto and Goto (1999) extended DEA to a dynamic framework. Their dynamic DEA not only provided a measure of efficiency, but also had the ability to be used as a non-parametric alternative to the economic modeling of the intertemporal behavior of a firm. They incorporated two different types of inputs (variable inputs and quasi-fixed inputs) into a framework of dynamic DEA. Unique feature of quasi-fixed inputs is that those are considered as outputs in the current period, while being treated as inputs at the next period. Sueyoshi and Sekitani (2005) developed a method of how to incorporate the concept of return to scale (RTS) into the dynamic DEA. Regarding Fare and Grosskopf model, Tone and Tsutsui (2010) developed a slacks-based measure (SBM) model for measuring the dynamic efficiency of relative DMUs over several terms. They accounted the effect of interconnecting activities (carry-over activities) between two consecutive terms and categorized them into four types: good, bad, free and fixed carry-over activities.
Proposed model
We consider n DMUs (j=1,2,…,n) over T terms (t=1,2,…,T). At each term DMUs have their respective inputs and outputs along with the carry-overs (links) from previous term to this term. We assume that we have a panel data between term1 to T. So we look at the DMUs as a continuum between term 1 and the of 12 4 Journal of Data Envelopment Analysis and Decision Science http://www.ispacs.com/journals/dea/2013/dea-00026/ International Scientific Publications and Consulting Services term T. We symbolize the two category links as good z and bad z . Good carry over activities (links) must be treated as outputs because the excess is desirable. In contrast with good links, bad links must be considered as inputs because the excess is accounted as inefficiency. We used SBM model introduced by Tone (2001) and DSBM model proposed by Tone and Tsutsui (2010) for evaluating the overall efficiency over three consecutive terms. Figure 1 , illustrates the dynamic structure of bank production process and links over T terms. Where the ( Based on proposed model which was described in previous section, we apply the dynamic SBM model to evaluate the efficiency of 10 branches of an Iranian bank over three consecutive terms. In order to select significant variables that have more relationship with efficiency of considered bank, we provided a checklist consisting important variables (inputs and outputs) in banking industry that utilized in researches before. Variables that we used in checklist distributed among headmen of branches are illustrated in Table  1 . Also we arranged an interview with the CEO of bank, and she added new variable that had serious effect on efficiency of branches; it was loan losses. According to the development of bank during three previous terms, she assigned different weights to each term as follows: .6 for 1 st term, .9 for 2 nd term and .5 for 3 rd term. According to the result of checklists, we selected the variables that had gained more score. Each branch at each term has two inputs: average monthly salaries ( 1 x ), operating expense ( 2 x ) and one output: total value of loans ( 1 y ), along with two carry-over activities: net profit as a good link ( 1 z ) and loan losses as a bad link ( 2 z ), carried from previous term to this term. The evaluation index system of bank branch performance evaluation is shown in Table 2 . The data are given in following Table 3 . T1  T2  T3  T1  T2  T3  T1  T2  T3  T1  T2  T3  T1  T2  T3 The overall efficiency score is calculated based on the model (3) . We used non-oriented dynamic SBM model to measure inefficiencies in both inputs and outputs concurrently. The results of dynamic model are summarized in Table 4 . For making comparisons between dynamic and static model and clarify favorable features of dynamic model, we solved the problem in static situation that linkage between consecutive terms was neglected. We treated net profit as output and loan losses as input in each separate term. Overall efficiency of static model is calculated as an average of term efficiencies during three terms and illustrated in Table 5 . There are considerable differences between dynamic and static model in the rank of overall efficiency. Results show that being inefficient in a single term can be covered by other terms. This is the unique feature of dynamic model that evaluates the efficiency from the long term view point by taking into account the links between consecutive terms. DMU10 1 10 10 10 In comparison with the static model, we found that DMU2 becomes efficient over three terms because inefficiency in 1 st and 2 nd terms eliminated in 3 rd term. Efficiency score in dynamic model is relatively greater than that of static model; this means that branches are on a stream line to be more efficient during terms. In other words evaluating efficiency in a long term point of view provides us more comprehensive results.
On the basis of SBM feature to identify slacks, and in respect to inefficient DMUs, slack variable analysis realizes the status of input resource excess and output shortfall and improves the extent of corresponding attribute value (see Table 6 ). The results of 
Conclusion
This paper is the first empirical study in Iranian banking industry that incorporates time factor into the efficiency of branches using dynamic slacks-based measure model in DEA. We described the Dynamic SBM model proposed by Tone and Tsutsui (2010) and applied to 10 branches of an Iranian bank for evaluating the efficiency over three consecutive terms. In order to select the most important variables, we introduced a checklist consisting most common variables in bank efficiency evaluation to headmen of branches and also we arranged an interview with the CEO of bank. Both dynamic and static models solved and results compared with each other to show that dynamic model can provide more comprehensive approach for evaluating the efficiency over terms, and inefficiency in a single term can be covered by other terms. Reference units at each term for every inefficient branch identified, slacks analyzed and further suggestions provided for the management. 
